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This volume is 
DEDICATED 
to all of my Nicaraguan friends, but especially to 
FATHER IGNACIO ASTORQUI, S. J., 
scientist, educator and  good fr iend,  who 
has inspired or aided more investigation o j  
Nicaragua's fish f a u n a  than anybody else. 
Financial aid was provided by the 
Banco Central de  Nicaragua through 
its Executive Council and its Presi- 
dent, Dr. Roberto Incer Barquero. 
Translation of summaries into Span- 
ish was largely done by Jaime Villa. 
Commentary on this Compendium 
The  real highlight of the 1973 Annual Meeting of the 
American Society of Ichthyologists and Herpetologists at 
San JosP, Costa Rica-the first to be held in Latin 
America-was the symposium brilliantly conceived and ably 
arranged by Dr. Thomas B. Thorson, of the University of 
Nebraska-Lincoln, on the fishes and fisheries of the great 
lakes of Nicaragua. In these days of ever expanding and 
diversely publishecl reports on this, or on almost any com- 
plex subject, it !\.as a bold and propitious stroke to organize, 
catalyze, and conduct this notable colloquium, and to ar- 
range for the publication, under the same cover, of a very 
high percentage of the papers that were read at this meet- 
ing, plus the republication of a considerable number of 
highly pertinent papers previously published. The comple- 
tion of the task is at once a tribute and a memorial to our 
respected colleague, and to his willing helpers. 
It is clear from this assemblage of reports that much in- 
deed has already been learned about the fishes and 
fisheries of these major inland seas, but also that a nearly 
virgin field remains to be cultivated. Toward this end, this 
survey will be a major stimulating factor, whether in pure 
science or in matters of concern to the local economy. 
T h e  broad lakes and connected streams of Nicaragua sup- 
port a rich and distinctive aquatic resource, for scientific 
study and for economic development.yhis resource should 
be jealously safeguarded, for it represents the product of 
age-long adaptation and adjustment that fits each living 
creature to its particular ecosystem. These are delicate sys- 
tems, that can be vastly, even disastrously, altered by unwise 
human activity, for instance by over-use of the water, by 
unwise diversions, by pollution, by drainage and damming, 
by overfishing, and, partic~tlarly, by the establishment of 
exotic fishes, notably predatory ones, or  carriers of disease 
against which the fine native fishes have developed no resis- 
tance. 
The  lakes have been the scene of considerable lacustrine 
speciation, of great scientific interest and concern, even 
though the extent of evolution is less extreme than in the 
Great Lakes of Africa, or in the Siberian Lake Baikal, or  in 
the Andean Lake Titicaca, or in other lakes wherein evolu- 
tion has been explosive. But even less extreme diversifica- 
tion will yield significant data on how species arise and how 
they come to interplay in the drama of evolution. These 
lacustrine fishes of Nicaragua are unique to this country, 
and deserve prime consideration. The best way to save 
these unique creatures is to preserve the natural environ- 
ment, with its whole biota. 
T h e  history of developing countries is replete with 
ecological calamities that have resulted from the destruc- 
tion of the fauna and by the introduction of exotic plants 
and animals either accidentally or by some seemingly good 
or safe reason, such as the control of some animal or  plant 
that seems to be noxious; or simply fbr sport. I look with 
particular alarm on the possible introduction of Tilupin to 
control weed growth, to provide better fishing, o r  more 
food for hungry people. In this report, Riedel has indicated 
that the establishment of Tilapirc has been into a completely 
landlocked lake, but that restocking in other waters is ad- 
mittedly possible, and he has stressed the advantages of 
establishing the species in estuarine waters. 
I strongly urge that any proposition to modify the aquatic 
environment or  to alter the biota be approached with ex- 
trernc caution, and be given very thorough consideration. 
Carl L. Hubbs 
Professor of'Zooloa Emeritus 
Scripps Institution of Oceanography 
University of California, San Diego 
La Jolla, California 92037 
Preface 
This volume is a direct outgrowth of a syrnposiutn held 
during the annual meeting of the American Society of 
Ichthyologists and Herpetologists on June 26 and 27, 1973, 
in San Jose, Costa Rica. That symposium was originally 
conceived with the objective of bringing together all inves- 
tigators currently conducting studies on the fishes of Lake 
Nicaragua. The  wide geographic distribution of potential 
contributors and lack of funds for transportation prevented 
full participation, but seven investigators were present and 
ten papers were presented. 
  he-response to the venture encouraged me, after har- 
boring some misgivings, to assemble for publication tnanu- 
scripts from all prospective participants, whether the) were 
able to take part in the syrnposiurn o r  not. Several of the 
investigations included more than Lake Nicaragua, so the 
coverage was extended, first to Lake Managua and finally 
to all Nicaraguan lakes. 
When the idea first occurred to me, I wondered if there 
would be enough contributions to make the project worth 
pursuing, but as it evolved, it became evident that, not only 
were more people currently interested in the fishes of 
Nicaragua than I first realized, but that 30 papers on the 
subject had already appeared since 1960. It was eventually 
decided to republish these papers, which, together with the 
reports on current investigations, added u p  t o  a collection 
of 52 papers. 
Except for a few newspaper accounts, several popular- 
articles, and a nurnbel- of' government reports, this volume 
includes virtually everything that has been done on the 
fishes of Nicaraguan lakes since 1960 and ;I sumlnary his- 
tory of what had been done before that. 
T h e  spectrum of covet-age has been dictated strictly by 
the interests of the 39 investigators and is inevitably un- 
even. The gaps are clearly evident and the areas most in 
need of investigation are  there for all to see. 
It is my hope that this volume will provide a ~isef'ul 
sourcebook for all lvho are  interested in the Xliddle Arne]-i- 
can ichthyofauna, and I especially hope that i t  will provide a 
stimulus to future investigators in Xicat-agua, the fas- 
cinatitlg Land of Lakes and Volcanoes. 
Acknowledgments 
It is a pleasure to acknowledge and thank the many or- 
ganizations and individuals who have in so many ways 
helped to bring this rather extended project to completion. 
Their contributions have been invaluable. 
The publication of this volume was assisted by funds 
from NIH Biomedical Sciences Support Grant 
RR-07055-09; the University Research Council, the School 
of Life Sciences and the College of Arts and Sciences of the 
University of Nebraska-Lincoln; and by the Banco Central 
de Nicaragua. 
I received advice and help during the organization and 
conducting of the symposium, on which the volume is 
based, from Carl L. Hubbs, Douglas C. Robinson, Jaime 
Villa, Jaime Incer, Kurt W. Koenig and Richard J. Beatty. 
Aid in translation of summaries into Spanish, largely 
done by Jaime Villa, was also provided by Marsha Villa, 
William A. Bussing, Myrna I. Lopez de Bussing, Felisa Hel- 
ler and Luis Larios. 
Administrative aid and advice concerning the mechanics 
of publishing and distributing the volume were kindly pro- 
vided by Adam C. Breckenridge, Vice Chancellor for 
Academic Affairs and Interim Chancellor; Melvin D. 
George, Dean, and Max D. Larsen, Interim Dean, College 
of Arts and Sciences; Richard E. Bennett, Director of Spe- 
cial Business Services; J. M. Daly, Interim Director, Gary L. 
Hergenrader, Interim Director, and Russel H. Meints, Di- 
rector, School of Life Sciences; and James R. Rosowski, 
Associate Professor of Botany; all of the University of 
Nebras ka-Lincoln. 
The actual assembling and production of the book were 
made possible by the professional skill of Harold W. Bathel, 
Harold Wagner and Ted Hempel of the Printing and Dup- 
licating Service and art work was by Kaz Tada and Jack 
Brodie of Photographic Productions, also at the University 
of Nebraska-Lincoln. 
Terry Hubbell helped with many of the final details and 
was largely responsible for the indexing of scientific names. 
Various members of the secretarial staff of the School of 
Life Sciences also participated in various degrees in the 
many time-consuming chores that eventually added up to 
- 
the final product. 
Permission to republish thirty papers was granted by the 
authors, as listed in the table of contents, and by all of the 
publishers (except one, now defunct), as follows: The Wis- 
tar Press, Philadelphia (American Journal of Anatomy); E. 
Schweizerbart'sche Verlagsbuchhandlung (Nagele u. 
Obermiller), Stuttgart (Archiv fiir Hydrobiologie); N. V. 
Boekhandel en Drukkerij V/H, E. J. Brill, Leiden (Be- 
havior); National Research Council of Canada, Ottawa 
(Canadian Journal of Zoology); Pergamon Press, Oxford 
(Comparative Biochemistry and Physiology, International 
Journal of Biochemistry); American Society of 
Ichthyologists and Herpetologists (Copeia); the editor of 
Encuentro: Revista de la Universidad Centroamericana, 
Managua; Dr. W. Junk B. V., The Hague (Hydrobiologia); 
Society of Economic Paleontologists and Mineralogists 
(Journal of Sedimentary Petrology); University of Chicago 
Press (Physiological Zoology); University of Costa Rica (Re- 
vista de Biologia Tropical); American Association for the 
Advancement of Science (Science); American Fisheries So- 
ciety (Transactions of the American Fisheries Society); Ver- 
lag Paul Parey, Berlin and Hamburg (Zeitschrift fiir Tier- 
psychologie); the publishers of Archivio Italiano d e  
Anatomia e di Embriologia and of Bollettino di Zoologia; 
and Instituto de Fomento Nacional, Division de  Pesca, 
Managua. I regret to report that the publishers of Medicina 
y Cultura went out of business as a result of the December, 
1973, earthquake in Managua. 
Without any doubt, the most important contribution to 
the authors and editor came from those who reviewed the 
papers and made suggestions for their improvement. In 
many cases a great deal of time and effort were expended 
and thoughtful criticisms and recommendations were of- 
fered. The papers are the better for the efforts of the re- 
viewers, but responsibility for errors or weaknesses must 
remain with the authors and editor. My deepest apprecia- 
tion is expressed to Reeve M. Bailey, George W. Barlow, 
John Brumbaugh, William A. Bussing, John G. Carlisle, Jr., 
Gerald A. Cole, Alfred W. Ebeling, David G. Frey, Perry W. 
Gilbert, Jeffrey Hazel, Gary L. Hergenrader, Carl L. 
Hubbs, Kurt W. Koenig, John D. Lynch, Connell L. Marsh, 
Robert R. Miller, Arthur A. Myrberg, Jr., Mary Lou Pritch- 
ard, Luis R. Rivas, C. Richard Robins, Donn E. Rosen, 
Richard Rosenblatt, Stewart Springer, Gerald D. Tharp, 
John H. Vandermeer and Jaime Villa. 
Some words of thanks are also due the contributors of the 
fifty-two papers that appear within these covers. Having 
heard a great deal about the problems of editors, and hav- 
ing perhaps now and then contributed some of those prob- 
lems myself, I approached this venture prepared for the 
worst. However, the worst never materialized. The con- 
tributors have been an unbelievably patient and under- 
standing group and I truly appreciate their cooperation. 




IGNACIO ASTORQUI Rector, Colegio Centro America, Man- 
aguu, Nicaragua 
GEORGE W.  BARLOW Professor of Zoology and Research 
Ethologist, Museum of Vertebrate Zoology, University of 
California, Berkeley, California 
JEFFREY R. BAYLIS Postdoctoral Fellow, Rockefeller University, 
New York 
RICHARD J .  BEATTY Reservoir Research Center, Oklahoma 
State University, Stillwater, Oklahoma 
HENRY B .  BIGELOW Late Emeritus Professor of Zoology, 
Museum of Comparative Zoology, Harvard University, Cam- 
bridge, Massachusetts 
LORENZO BOLOGNANI Professor of Biological Chemistry, Fac- 
ulty of Medicine, University of Milan, Italy 
ALAN H. BRUSH Associate Professor of Biology, Biological Sci- 
ences Group, University of Connecticut, Storrs, Connecticut 
JACK D. BURKE Professor of Anatomy, Medical College of Vir- 
gn ia ,  Virginia Commonwealth University, Richmond, Vir- 
gwia 
WILLIAM A. BUSSING Associate Professor of Biology, Escuela 
de Biologiu, Universidad de Costa Rica, and Research As- 
sociate in Ichthyology, Natural History Museum of Los Angeles 
County, Los Angeles, California 
GERALD A.  COLE Professor of Zoology, Department of Zoology, 
Arizona State University, Tempe, Arizona 
C. MICHAEL COWAN Environmental Consultant, Associated 
Environmental Services Corp., Lincoln, Nebraska 
WILLIAM D. DAVIES Assistant Professor of Fisheries and Allied 
Aquacultures, Auburn University, Auburn, Alabama 
GIAN FRANCO DE STEFANO Assistant in Human Anatomy, 
Faculty of Sciences, University of Pavia, Italy 
ANTONIO FLORES A.  Head, Division of Fisheries, Imtituto de 
Fomento Nacional, Managua, Nicaragua 
JEFFERY W. GERST Assistant Professor of Zoology, North 
Dakota State University, Fargo, North Dakota 
MARIA VICTORIA GERVASO Assistant i n  Comparatirre 
Anatomy, Faculty of Sciences, University of Pavia, Italy 
GIUSEPPE GERZELI Professor of Comparative A nntomy, Faculty 
of Sciences, and Director of the Institute of Comparati~re 
Anatomy, University of Pavia, Italy 
CARL L. HUBBS Professor of Zoology Emnitus, Scripps Institu- 
tion of Oceanography, University of Calfornia, San Diego, La 
Jolla, California 
JAIME INCER Dean, Department of Science and Humanities, 
Universidad Centroamericana, and Director, Geographic De- 
partment, Instituto Geogrdfico Nacional, Managua,  
Nicaragua 
NORMAN H .  JENSEN Assistant Profissor of Biology, Millikin 
University, Decatur, Illinois 
KURT W. KOENIG Liceo Agricola de Granada, Granada, 
Nicaragua 
TERRANCE M. LIM Department of Zoology, University of 
California, Berkeley, California 
MYRNA I .  LOPEZ Associate Professor of Biology, Escuela de 
Biologia, Universidad ak Costa Rica, Ciudad Universitaria, 
Costa Rica 
SERGIO MART~NEZ C. Biologist, Division of Fisheries, Insfitufo 
de Fomento Nacional, Managua, Nicaragua 
KENNETH R. MCKAYE Department of Zoology, UniversiQ of 
California, Berkeley, California (Assistant Profissor, Depart- 
ment of Biology, Yale University, New Haven, Cotlrtecticut) 
ROBERT RUSH MILLER Professor of Zoology and Curator of 
Fishes, Museum of Zoology, University of Michigan, Ann 
Arbor, Michigan 
JOHN W. MUNSEY California State UnizlersiQ, San Francisco, 
California 
GEORGE S. MYERS Professor E~neritus of Biology, Stanjord 
University, and Research Associate ill Herpetology and 
Ichthyology, California Acade~ny of Sciences, Sat1 Francisco, 
California 
DAVID L. G. NOAKES Assistant Professor of Zoology, College of 
Biological Science, Universib of Guelph, Guelph, Ontario, 
Canada 
MIKIO OGURI Associate Professor of Fisheries Zoology, Faculty 
of Agriculture, Nagoya Uniz~ersiQ, Nagoya, Japa~z 
MARIA FAUSTA OMODEO-SALE Biologist, Uni~lersib of Milan, 
Italy 
DIETMAR IEDEL State Director of Fisheries, Ministq of Ag- 
riculture, Dusseldorf, and Priz~atdorerlt, U n  izlersity of 
Diisseldorf, Federal Republic of Ger11~1ny 
DALE ROBERTS Departae~zt of Zoology, Uni~~ersiQ of Califor- 
nia, Berkeley, California 
WILLIAM C. SCHROEDER Research Ichthyologist E~neritus, 
Museurn of Co~npamtiz~e Zoology, Hnr-crard U~zi~~ersity, Ca~tt- 
bridge, Massachusetts 
FREDERICK M. SWAIN Professor of Geology, UniversiQ of Min- 
nesota, Minneapolis, Minnesota, and UniversiQ of Delaware, 
Newark, Delazoare 
THOMAS B. THORSON Professor of Zoology and Vice Director, 
School of Life Sciences, University of Nebraska-Lincoln, Lin- 
coln, Nebraska 
ROBERT E. TUMA U n i ~ r e r s i ~  of Nebraska College of Medicine, 
Omaha, Nebraska 
MARSHALL R. U RIST Director, UCLA Bone Research Labora- 
tory, School of Medicine, University of California, Los Angeles, 
California 
JAMIL URROZ E. Head, Section of Marine Waters, I~utitvto de 
Fo~nento Nacional, Managua, Nicaragua 
JAIME VILLA Sectio~i of Neurobiology attd Behar~ior, Cornell 
University, Ithaca, Neril York 
DONALD E. WATSON Senior Lecturer (Parasitology), Uniz~ersity 
of Lagos, Yaba, Lagos, Nigeria 
ROBERT WEBBER For~wr  student, Department of Bioche~nistry, 
University of California, Berkeley, California 
DOUGLAS J.  WEILAND Department of Zoology, Uniz~ersity of 
California, Berkeley, Califorrtio 
Contents 
... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Dedication 111 
Commentary. Carl L.Hubbs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  iv 
Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Acknowledgments vi 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Contributors vii 
PART I . THE SETTING: GEOGRAPHY. LIMNOLOGY. GEOLOGY 
1 . Geography ofLake Nicaragua. JaimeZncer ............................................................................ 3 
............................................................. 2 . Limnology of the Great Lakes of Nicaragua. Gerald A . Cole 9 
3 . Chemical Analyses of some Crater Lakes in Relation to Adjacent Lake Nicaragua. George W . Barlow. Jeffrey R . Baylis and 
........................................................................................................ Dale Roberts 17 
*4 . Some Remarks on the Fecundity of Tilapia ( T  . mossambica Peters) and its Introduction into Middle Central America 
(Nicaragua) together with a first Contribution towards the Limnology of Nicaragua. Diehur  Riedel ......................... 21 
......................... *5 . Bottom Sediments of Lake Nicaragua and Lake Managua. Western Nicaragua. Frederick M . Swain 53 
*6 . Die Genesis der nicaraguensischen Grabenseen (Teil I) und des mesoamerikanischen Isthmus (Teil 11) aus der Sicht des 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fischereibiologen. Diehnar Riedel 73 
PART I1 . THE HISTORY OF ICHTHYOLOGY OF NICARAGUAN LAKES 
............................................... 7 . Ichthyology of the Lakes of Nicaragua: Historical Perspective. Jaime Villa 101 
PART 111 . ZOOGEOGRAPHY 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *8 . Derivation of the Freshwater Fish Fauna of Central America. George S . Myers 117 
..................................... *9 . Geographical Distribution of Central American Freshwater Fishes. Robert R w h  Miller 125 
10 . Geographic Distribution of the San Juan Ichthyofauna of Central America with Remarks on its Origin and Ecology. 
.................................................................................................. William A . Bwsing 157 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *11 . Una Teoria sobre el Origen de 10s Peces de Xiloa. Jaime Villa 177 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 . Some Speculations about "The Great Nicaraguan Laken. Jaime Villa 191 
PART IV . THE ICHTHYOFAUNA: GENERAL 
................................................. Peces de  la Cuenca de 10s Grandes Lagos de Nicaragua. Ignacio A s t q u i  199 
............................................................. Digenea of Fishes from Lake Nicaragua. Donald E . Watson 251 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Lake Nicaragua Fishery Resources. William D . Davies 261 
Informe sobre 10s Resultados del Programa de Investigacion de 10s Recursos Pesqueros del Lago de Nicaragua. lmtituto 
deFomentoNacional(INF0NAC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  267 
An Investigation into the Use of Artificial Habitats as a Means of Increasing the Fishery Productivity of the Great Lakes 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Complex of Nicaragua, Terrance M . Lim, Kenneth R . McKaye and Douglas J . Weiland 311 
. .......... Species Diversity and Distribution of Fish in Lake Nicaragua, Kurt W . Koenig, Richard J Beatty and Sergio Martinez C 321 
LengthIWeight Frequencies for Five Species of Fish in Lake Nicaragua, Richard J . Beatty and Kurt W . Koenig ................ 325 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  La "Pepesca Gaspar", otro pez desconocido del Gran Lago, Jaime Villa 327 
*Paper reprinted from journal as indicated onfirst page of each article . Where possible. original pagination h ken preserved. in addition to pagination 
of thii vo lum . 
PART V . THE ICHTHYOFAUNA: CICHLIDAE 
21 . The Midas Cichlid in Nicaragua. George W . Barlow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  333 
22 . The Red Devil - Midas - Arrow Cichlid Species Complex in Nicaragua, George W . Barlow and John W . Munsey . . . . . . . . . . . . . . .  359 
23 . Relative Abundance and Distribution of the Mojarra (Cichlasoma citrinellum) in Lake Nicaragua. Sergio Martinez C .............. 371 
24 . Systematic Status of the Cichlid Fishes Cichlasoma dorsatum. C . granadense and C . nigritum Meek. Jaime Villa .................. 375 
*25 . Presence of the Cichlid Fish Cichlasomu managuense Gunther in Lake Xiloa. Nicaragua. Jaime Villa .......................... 385 
*26 . Variaci6n. Coloraci6n y Estado Sistematico del Pez Centroamericano Cichlasoma nicaraguense (familia Cichlidae). Myrna I . 
............................................................................................................... Ldpez 387 
*27 . Pigments of a Color Polymorphism in a Cichlid Fish. Robert Webber. George W . Barlow and Alan H . Brush ..................... 407 
*28 . Cross-fostering and Parent-offspring Responses in Cichlasoma citrinellum (Pisces. Cichlidae). David L . G . Noakes and George 
........................................................................................................... CV . Barlow 417 
. *29 . Ontogeny of Parent-contacting in Young Cichlasoma citrinellum (Pisces. Cichlidae). David L G . Noakes and George W . Barlow ........ 423 
*30 . Parental Behavior and some Histological Features of Scales incichlasoma citrinellum (Pisces. Cichlidae). David L . G . Noakes . . . . . . . .  459 
*31 . Competition between Color Morphs of the Polychromatic Midas Cichlid Cichhoma cihinellum. George W . Barlow .............. 463 
32 . Competition between Color Morphs of the Midas Cichlid. Cichhoma citrinellum. in Lake Jiloa. Nicaragua. Kenneth R . 
McKayeandGeorge W.Barlow ......................................................................................... 465 
*33 . The Behavior and Ecology of Herotilapiu multispinosa (Teleostei. Cichlidae). Jeffrey R . Baylis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  477 
PART VI . THE ICHTHYOFAUNA: ELASMOBRANCHII 
Carcharhinus nicaragmmis. a synonym of the Bull Shark. C . leucas. Henry B . Bigelow and William C . Schroeder . . . . . . . . . . . . . . . . . .  511 
. . The  Status of the Freshwater Shark of Lake Nicaragua. Thomas B . Thorson. Donald E Watson and C Michael Cowan ........... 513 
Movement of Bull Sharks. Carcharhinus leucas. between Caribbean Sea and Lake Nicaragua Demonstrated by Tagging. 
ThomasB . Thorsh ................................................................................................... 531
An Investi ation of the Feeding Habits of the Bull Shark. Carcharhinus leucas. in the Lake Nicaragua-Rio San Juan 
............................................................................................... System. ~o%en E . Tuma 533 
. Reproduction of the Bull Shark. Carcharhinus leucas. in the Lake Nicaragua-Rio San Juan System. Norman H Jenren .......... 539 
The Status of the Lake Nicaragua Shark: An Updated Appraisal. Thomas B . Thorson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  561 
Calcium and other Ions in Blood and Skeleton of Nicaraguan Fresh-water Shark. Marshall R . Urist . . . . . . . . . . . . . . . . . . . . . . . . .  575 
Partitioning of Body Fluids in the Lake Nicaragua Shark and Three Marine Sharks. Thomas B . Thorson . . . . . . . . . . . . . . . . . . . . . .  577 
Hemoglobin Stability in Bull Sharks. Jack D . Burke ..................................................................... 579 
Serum Protein Variation in the Bull Shark. Carcharhinus leucas Muller and Henle. 1841. C . Michael Cowan ................... 585 
Comparison of some Parameters of Serum and Uterine Fluid of Pregnant. Viviparous Sharks (Carcharhinus leucas) and 
Serum of their Near-term Young. Thomas B . Thorson and J e f f q  W . Gerst ................................................. 591 
Body Fluid Solutes of Juveniles and Adults of the Euryhaline Bull Shark Carcharhinus leucas from Freshwater and Saline 
Environments. Thomas B . Thorson. C . Michael Cowan and Donald E . Watson ................................................. 599 
Rectal Glands of Marine and Fresh-water Sharks: Comparative Histology. Mikio Oguri . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  613 
Studio Istochimico Comparato della Ghiandola Digitiforme Rettale di Selaci Marini e di Acqua Dolce. Giuseppe Gerreli and 
............................................................................................... Giun Franco De Stefano 615 
Aspetti della Ghiandola Rettale e della Regolazione Osmotica in Selaci Marini e d'Acqua Dolce. Giuseppe Gerzeli. Maria 
Victoria Geroaso and Giun Franco De Stefano ............................................................................. 617 
The Rectal Gland in Relation to the Osmoregulatory Mechanisms of Marine and Freshwater Elasmobranchs. Giuseppe 
Gerzeli. Gian Franco De Stefano. Loram Bolognani. Kurt W . Koenig. Maria Victoria Geroaso and Maria Fausta OmodeoSali ........ 619 
Helminths from Elasmobranchs in Central American Fresh Waters. Donald E . Watson and Thomas B . Thorson . . . . . . . . . . . . . . . . .  629 
Observations on the Reproduction of the Sawfish. Pristis perotteti. in Lake Nicaragua. with Recommendations for its 
...................................................................................... Conservation. Thomas B . Thorson 641 
. Sexual Dimorphism in Number of Rostra1 Teeth of the Sawfish. Prishperotteti Muller and Henle. 1841. Thomas B Thorson ........ 651 
Index of Scientific Names ............................................................................................ 655 
